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During the  course of certain studies  of the various factors of acid 
excretion,  1 24 hour samples  of urine from several normal  and patho- 
logical  subjects  which  were  ex~rnlned  demonstrated  that,  in  the 
absence  of  #-hydroxybutyric  acid,  the  hydrogen  ion  concentration 
and  titratable  acidity are due largely to  the ratio between  acid  and 
basic phosphates.  Although in  the main  this  hypothesis was  quite 
well  supported  in  the  twenty-three  samples  analyzed, in  one  fatal 
case of pneumonia, over 60 per  cent of  the titratable acid  could not 
be accounted for by the phosphates.  This observation led to  a  more 
extended investigation of  acidosis  and  acid excretion  in  acute  lobar 
pneumonia,  the  results  of which  are presented in  this  paper. 
There exists  certain evidence which  supports the idea that  the metabolism 
during the febrile stage of pneumonia results in the production of considerable 
amounts of acid substances.  Increased ammonia and titratable acid in the urine 
have been observed.  Diminished carbon dioxide in the blood has been reported 
by several observers,  notably by Peabody  ~ who reviews the literature of the sub- 
ject.  Recently Lewis  8 has found the blood of patients with pneumonia to have a 
decreased affinity for oxygen, a characteristic of acidosis.  Palmer and Henderson  4 
noticed that  during the fastigium of the disease  larger amounts of sodium bi- 
carbonate by mouth were necessary to reduce the acidity of the urine than is 
normally the case.  Such facts as these, increased ammonia and acid excretion, 
low carbon dioxide in the blood, diminished  afSn~ty of the blood for oxygen, and 
retention of large amounts of alkali, indicate an excessive acid production during 
the febrile stage of the disease. 
* A brief report of this work was given before the American Society for Clinical 
Investigation, Atlantic City, N. J., May 7,  1917. 
1  Henderson, L. J., and Palmer, W. W., J. Biol. Chem., 1914, xvii, 305;  1915, 
xxi, 37; Arch. Int. Meal., 1915, xvi, 109. 
2 Peabody, F. W., J. Exp. Med., 1912, xvi, 701. 
3 Lewis, T., Lectures on the Heart, New York, 1915. 
4 Palmer and Henderson, Arch. Int. Med., 1913, xii, 153. 
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Methods. 
The  several  factors  determined  in  the  urine  were  the  hydrogen 
ion  concentration by the  colorimetric method previously described,  5 
titratable acidity by the method to be described presently, ammonia 
by Folin and Macallum's method,  8 and the total phosphates by the 
uranium acetate method.  The combined carbon dioxide in the plasma 
was determined by the Van Slyke-Stillman-Cullen method!  As the 
method of titrating the urine has been modified for a special purpose 
and, so far as known, has not been used before, it will be described in 
detail.  In  the earlier part of the work  the method as described by 
Henderson and  Palmer  I was used, but  on  account of  the .variation 
in the hydrogen ion  concentration of  the  urine  and  because  of  the 
especial interest in the fluctuation in the difference between the total 
titratable acidity and the phosphate acidity of  the urine, it  seemed 
desirable to determine the titratable acidity between two fixed reac- 
tions, or in other words to estimate the quantity of acid or base in- 
volved in a  specified change of hydrogen ion concentration at a level 
which is a function of the acids in question.  By doing this it is  pos- 
sible  to  compare  these  differences  at  a  fixed  hydrogen  ion  con- 
centration. 
The hydrogen ion concentration  8 of 5.0 was selected as the acid end- 
point because most acid urines  in pneumonia, while not infrequently 
reaching this degree of acidity, seldom exceed it.  The hydrogen ion con- 
centration of 7.4 as the neutral point was for obvious reasons retained 
as in the titration previously described.  Two titrations are necessary 
and are carried out as follows:  10 cc. of a 0.1 molal solution of mono- 
potassium  phosphate,  4  parts,  and  disodium  phosphate,  25  parts 
b  Henderson and Palmer, J. Biol.  Chem., 1912-13, xiii, 393. 
6  Folin, O., and Macallurn, A.  B., J. Biol. Chera., 1912, xl, 523. 
r Van Slyke, D. D., Stillman, E., and Cullen, G. E., Proc. Soc. Exp. Biol.  and 
Med., 1914-15, xii, 165. 
8  Throughout this paper the  hydrogen ion concentration has been expressed 
by the negative exponent of the hydrogen ion concentration, that is, SSrensen's 
pH.  The minus sign is omitted for convenience; for example, a  hydrogen ion 
concentration of 5 means a pH of 5 or an H  + of 10  -5.  It should be remembered 
that  an  actual  increase in  hydrogen ion  concentration is  indicated by a de- 
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(fielding  a  hydrogen ion concentration  of 7.4)  are introduced into  a 
250 cc. flask, diluted to 250 cc. with distilled water, and 0.29 cc. of a 
1 per cent'aqueous solution of neutral red is added.  10  cc. of urine 
are similarly diluted, neutral red is added, and 0.1 N sodium hydrate is 
run in until  the  color matches that  of the phosphate  solution.  The 
second part of the titration  is accomplished by introducing  10 cc. of 
a  0.14 molal solution of acetic acid, 23 parts,  and sodium acetate, 46 
parts  (yielding  a  hydrogen  ion  concentration  of  5.0)  into  a  250  cc. 
flask,  diluted  to  250  cc.  with  distilled  water,  and  five drops of a  1 
per  cent  aqueous  solution  of  sodium  alizarin  sulfonate  are  added. 
10  cc.  of  urine  are  similarly  diluted,  sodium  alizarin  sulfonate  is 
added,  and  0.1  N hydrochloric  acid  run  in  until  the  color matches 
that  of  the  acetic  acid-sodium  acetate  solution.  In  matching  the 
color  of  the  alizarin  solutions,  especially  when  the  urine  is  highly 
colored, it has been found desirable to place a flask containing  10 cc. 
of  urine  diluted  as  for  titration  but  without  indicator,  behind  the 
flask  containing  the  standard  acetic  acid-sodium  acetate  solution 
with indicator.  Also a  flask with distilled water is similarly placed 
back of  the  urinary  sample  which  is  being  titrated.  The  titration 
must  be  carried  out  in  front  of  a  window  with  good  light.  The 
fitratable acidity in 0.1 N cc. between the hydrogen ion concentration 
of 5.0 and the hydrogen ion concentration of 7.4 is the sum of these 
two titrations. 
With the above data available, it is possible to compare the actual 
titratable  acidity with that  which the phosphates  alone would give. 
The  calculation  of  the  part  of  the  phosphates  is  simple.  In  the 
HA  equilibrium 1° H + --- K  X  ~  approximately,  where H + is the  hydro- 
gen ion concentration, K  the ionization constant k  for the acid divided 
by a,  the degree of ionization  of the salt of the acid, HA the undis- 
sociated acid,  and BA the  salt of the  acid, H + is determined  and K 
HA 
is known, hence B-~ may be easily calculated;  and if the total phos- 
9 It has been found convenient and satisfactory to use a dropping bottle  for 
adding the indicator.  Care should always be taken to add the same size and 
number of drops to standard and urine samples.  Three to five drops are sufficient. 
10 Henderson, L. J., Am. J. Physiol., 1908, xxi, 427. 498  ACIDOSIS  AND  ACID  EXCRETION  IN  PNEUMONIA 
phates  are  known  the  amount  of  HA  and  BA  can  be  estimated, 
Reference  to  SSrensen's  measurements  shows  that  this  titration  is 
sufficiently accurate within the ranges of hydrogen ion concentration 
involved  in  the  present  investigation.  It  is  appreciated,  however, 
that  the  presence  of electrolytes  and  variation in  the  concentration 
of the urine combine to decrease the accuracy of the titration but not 
to  a  degree sufficient to  alter  the  conclusions reached.  An example 
of the  calculation  follows. 
T~e  pH  = 5.3 or H +  = 50 ×  10  -7,  titratable  acidity  amounts  to  200  cc. 
0.1 N acid, total phosphates in terms of phosphorus  pentoxide  is 1.0 gin.  When 
the  acid  is  monobasic  phosphate  K  =  2.5  ×  10  -~.  We  have  then,  from  the 
HA  HA  20 
above equilibrium,  50 ×  10  -~ =  2.5  ×  10  -~ ×  ~-~,  whence  B---A =  T;  that  is, 
96 per cent of the phosphate exists as the monobasic phosphate.  1 gm. of phos- 
phorus pentoxide  corresponds  to 141 cc. of 0.1 N monobasic phosphate.  Hence 
in a mixture  of mono- and dibasic phosphates  containing  1.0 gm. of phosphorus 
pentoxide  and having a hydrogen ion concentration of 5.3, 135 cc. exist  as the 
acid  and 6 cc. in the basic form.  As our method of titrating the urine  carries 
MH2PO, 
the reaction to a hydrogen ion concentration of 7.4 or when  the ratio  --  - 
4  M~HPO4 
2-5' 14 per cent of the phosphate is in the acid form, then the per cent of the acid 
phosphate which actually takes part in the titration from a  hydrogen ion con- 
centration of 5.3 to a hydrogen ion concentration of 7.4 is 96 -  14 or 82 per cent. 
Hence 82 per cent of 141 cc. amounts to ll5 cc. and the difference between  the 
actual acidity and acidity calculated  from the phosphates  is 200 -  115 or 85 cc. 
This difference is probably due largely to free organic acids and will 
be  so  designated  in  the  discussion  following.  In  Table  I  the  per- 
centage  of  acid  phosphate  for  any  hydrogen ion  concentration  be- 
tween 5.0 and 7.4 has been computed, as well as the amounts of acid 
phosphate entering  into  the  titration  between  any  hydrogen  ion 
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TABLE  I. 
Ratio  of Acid,  HA,  to  Basic, BA,  Phosphate at  a  Hydrogen Ion  Concentration 
Varying  between 7,4 and 4.9 with the Percentage of Acid Phosphate 
Taking Part in Titration When Carried to a Hydrogen Ion 
Concentration of 7.4.  K  = 2.5X 10  -7.  pH =7.4 
Which Is the Reaction of Normal Blood. 
pH. 
7.4 
7.2 
7.0 
6.9 
6.8 
6.7 
6.6 
6.5 
6.4 
6.3 
6.2 
6.1 
6.0 
5.9 
5.8 
5.7 
5.6 
H +  X  10-L 
0.4 
0.6 
1.0 
1.3 
1.6 
2.0 
2.5 
3.2 
4.0 
5.0 
6.3 
8.0 
10.0 
13.0 
16.0 
20.0 
25.0 
HA 
BA 
4 
25 
6 
25 
10 
25 
13 
25 
16 
25 
2O 
25 
25 
32 
25 
40 
25 
5O 
25 
63 
25 
8O 
25 
100 
25 
130 
25 
160 
25 
200 
25 
250 
25 
HA.  HA-14. 
~er cent  ~er tens 
14  0 
19  5 
29  15 
34  20 
39  25 
45  31 
50  36 
56  42 
62  48 
67  53 
72  58 
76  62 
80  66 
84  70 
87  73 
89  75 
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TABLE  I--Cond~ed. 
pH. 
5.5 
5.4 
5.3 
5.2 
5.1 
5.0 
4.9 
H ÷  X  10  -7. 
32.0 
40.0 
50.0 
63.0 
80.0 
100.0 
120.0 
HA 
BA  HA. 
320 
25 
4O0 
25 
500 
25 
630 
25 
800 
25 
1000 
25 
1200 
25 
iOer c¢~ 
93 
94 
95 
96 
97 
98 
98 
HA-14. 
79 
80 
81 
82 
83 
84 
84 
OBSERVATIONS. 
For a  preliminary survey 24 hour samples of fresh urine from six 
normal individuals and  seventeen cases representing a  wide variety 
of  pathological  conditions selected  from  the  medical  wards  of  the 
Massachusetts General Hospital were examined, the results of which 
appear  in  Table  II. 
Case  15  stands  out  very prominently with  323  cc.  of 0.1 N free 
organic acid, while of the remaining cases 10 showed less than 50 cc., 
7 less than 100 cc., 4 less than 150 cc., and 1 normal individual showed 
as much as 187 cc.  It is possible that the high value in Case 6 may 
be  explained  partly  by  the  high  hydrogen  ion  concentration  and 
party by the size of the individual, or, indeed, by a possible abnormal- 
ity  in  metabolism.  Cases  16  and  23  had  high  temperatures  but 
showed only small amounts of free organic acid when compared with 
the total acidity.  The ammonia excretion in Case 15  is the highest 
in the series but is not excessive. WALTER  W. PALMER 
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Normal and Pathological Individuals. 
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Remarks. 
Normal~ 
4¢ 
~C 
CC 
Chronic alcoholism. 
Arteriosclerosis. 
Pernicious anemia. 
Cardiorenal disease. 
Pleurisy with effusion. 
Unexplained  edema  of 
lower legs. 
Acute lobar pneumonia. 
"  endocarditis. Tem- 
perature  103°F. 
Diffuse  sclerosis  of  cen- 
tral nervous system. 
Cholelithiasis. 
Convalescent;  typhoid 
fever. 
Cholelithiasis. 
Chronic constipation. 
Diabetes  (ferric chloride 
reaction negative). 
Typhoid  fever.  Temper- 
ature  104.0°F. 
* All samples gave no color with ferric chloride. 
Normal  Individuals.--Four  normal  subjects  of  widely  varying 
weights were examined.  Very little difference  between the individuals 
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TABLE  111. 
Factors  Determined on  a Normal Individual,  Weight 70 Kilos, for 9 
Days. 
Consecutive 
Volume 
of urine. 
6C. 
1,080 
1,270 
1,000 
1,090 
600 
1,070 
1,930 
1,015 
1,510 
ptI. 
5.5 
5.6 
5.6 
5.5 
5.5 
6.6 
6.4 
6.0 
5.7 
Acid O. 
N. 
£c. 
318 
324 
320 
175 
180 
257 
250 
142 
288 
~C.  g~. 
378  1.63 
414  1.81 
400  1.86 
251  1.70 
246  1.00 
460  1.92 
425  1.52 
234  0.85 
378  1.72 
,.~  o  e,.. 
182 
196 
202 
189 
112 
96 
103 
79 
180 
~'~ 
Cd. 
190 
212 
220 
202 
118 
228 
180 
100 
202 
o 
;rGA- 
r~ 
CC, 
136 
128 
118 
-14 
68 
161 
147 
63 
108 
cc. 
188 
202 
180 
49 
128 
232 
245 
134 
176 
co. 
346 
432 
280 
344 
132 
293 
367 
238 
417 
There  is  considerable  variation  in  the  amounts  of  free  organic 
acid  both  when  calculated  from  the  hydrogen  ion  concentration  at 
which the urine was passed and when estimated at the hydrogen ion 
concentration  of  5.0.  The  hydrogen  ion  concentration  of  the  case 
selected varies  very little  although  the  free organic  acid varies  con- 
siderably.  In  general,  as  the  hydrogen  ion concentration  increases 
in value, that is, as the urine becomes more alkaline,  the amount of 
organic acid present in the free state is less.  On the other hand,  as 
the  reaction  approaches  a  hydrogen  ion  concentration  of  5.0  the 
organic acid fraction increases very rapidly. 
Individuals  with Acute  Lobar  Pneumonia.--In  all,  thirty  cases  of 
acute lobar pneumonia, involving the analysis of 325 24 hour samples 
of urine,  were studied.  It is not necessary to report in detail  all  of 
the  protocols  of  the  series.  Certain  cases  have  been  selected  as 
representative  of the  various  conditions  found in  the  group  (Tables 
IV, V, VI, VII, and VIII).  In general it may be said that  the more 
severe the intoxication the greater the amounts of free organic acid at 
the hydrogen ion concentration of 5.0 which are present.  The type of 
organism n  was determined  in  twenty-three  of  the  cases,  showing  4 
zt Dochez, A. R., and Gillespie, L. J., J. Am. Med. Assn., 1913, lxi, 727. WALTER  W.  PALMER  503 
with Type I,  11  with Type II,  4  withType  III,  and  4  with  Type 
IV. 
One  of the  four with  Type I  infection  showed  an  increase  in  the 
free  organic  acid  but in small  amount  only.  In  six of the  Type II 
group there was a  very marked increase, in three a moderate increase 
of the free organic acid, while two were without any significant change. 
There  was no increase in  the acid excretion in  any of the Type III 
cases.  This  fmding is not what  might  be expected a  priori  because 
this type of infection has proved to have the highest mortality of all, 
50 per cent of the cases being fatal.  One of the group studied died, 
the protocol of whom is given in Table V.  Two of the Type IV cases 
showed some increase  in  the  free  organic  acid  excretion;  the  others 
did not. 
The case reported in  Table IV was chosen as an example of those 
individuals  who showed no  particular  signs of either  acidosis or in- 
crease  in  acid  excretion  from  the  laboratory or clinical  standpoint. 
Tile  total  amount  of  acid  excreted  is  not  excessive;  although  the 
ammonia  excretion on the 6th and 7th days of the disease just before 
the  crisis is  greater  than  on  the  days following, it is  not large.  At 
no time is the combined carbon dioxide of the plasma below normal. 
The  lower limit  of normal  given by Van Slyke, Stillman,  and Cullen 
is 55 volume per cent, which corresponds  to an  alveolar air  of about 
38 ram.  carbon  dioxide tension.  The  acidity of the urine fell at the 
time of the  crisis,  and this occurred  in  most  of  the  cases  having  a 
definite crisis. 
The protocol of a  fatal case appearing in Table V is given to illus- 
trate  the  unexpected  finding  in  the  Type  III  infection.  Although 
the intoxication in this infection was very great, there was no marked 
increase in the free organic  acid nor was there any other evidence of 
acid  intoxication.  The  ammonia  and  acid  excretion,  as  well as the 
combined  carbon  dioxide  in  the  plasma,  were  well  within  normal 
limits. 
In  Table VI  are  given  the  data  of a  case with  Type II  infection 
which is a  fair  example of what frequently occurs in the more severe 
infections. 
At the time of the crisis the amounts of acid not accounted for by 
the  phosphates  fall  off  and  quite  regularly  during  convalescence TABLE  IV. 
Hospital No. 2,852; Male; Age 33 Years.  Process Confined to the Left Lower Lobe. 
Type I  Infection.  Blood Culture  Positive.  Treated with Serum. 
A  Severe Chill Followed the Fifth Treatment,  after Which 
the  Temperature  Fell by  Crisis. 
~  f  ~,  .~  a  b  c  d  e  (a-d) (bge)  h  i  ~.~ 
.- 
~0.~  "o~  ..~ 
104.5  124 54 
102.5 10846  1,060  5.4460 533 2.50282 296  178  237  650  58.6 
Remarks. 
175 cc. of anfipneu- 
mococcus serum. 
6  103.6 10648 
100.8  96 40  1,105 5.5 196 265 0.51  57  60  139  205  910  60.6  300 cc. of antipneu- 
mococcus serum. 
Chill. 
7  106.5  154i6 
98.2  7230  1,185 5.7 250440  1.20 127 142  123  298  975 
8  100.5  8840 
99.5  72  28  985  6.1 145 334 0.74  65  88  80  246  630  61.7i 
9  99.5  7640 
99.2  60  24  865  6.6 152 372 1.10  43 130  109  242  430 
10  100.4  76  36 
98.5  60i28 1,200  6.4 370 665 3.0G 204356  166  309  605 
il  99.5  78 28 
98.5  642C  900  5.8 310 4361.81  184 212  126  224  790  52.2 
[2  100.4  80 32 
99.0  74 28  900  5.62253361.27138150  87  186  378 
[3  100.4  88 28 
99.4  8020  625  5.6  731450.83  90  98  --17  47  295  69.1 
[4  101.6 100 40 
100.0  8020  1,230  5.632545C  1.68182198  143  252  41C 
[5" 102,6 100 36 
100.5  8020  850  5.5278356  1.32  147 156  131  200  283 
Beginning of serum 
disease. 
* This case was followed for a  week longer but  as there was nothing of note 
in the data, they are not given. 
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TABLE  V. 
Hospital No.  2,593," Male;  Age 37  Years.  Process at the  Entrance of  the Right 
Lower Lobe Extending 2 Days before Death to the Entire Right Lung. 
Type III  Infection.  Blood Culture Positive.  Treated  with 
Optochin.  Died  on the 9th Day of the Disease. 
Remarks. 
Died 2 days 
later. 
keep  within  normal  limits.  Early  in  the  investigation  before  the 
free organic acid fraction was compared at the fixed point of pH =  5.0, 
this remarkable decrease was  somewhat misleading due to  the fact 
that  the  hydrogen ion  concentration  of  the  urine  changed  to  the 
nearly neutral  point  at  the  crisis.  On  the  7th  day of  the disease 
the free organic acid excreted in 24 hours amounted to 760 cc., while 
in  the  days  following  the  limits  ¢¢ere between  220  and  351  cc. 
There was also a marked increase in the ammonia excretion, amount- 
ing to 2,050 cc. on the 7th day, rapidly coming down to normal values TABLE  VI. 
Hospital No. 2,865; Male; Age 23 Years.  Process Involving the Entire Left Lung. 
Type II Infection.  Blood Culture Negative.  Treated  with Optochin. 
Recovery. 
"d 
10 
11 
12 
13 
14 
15' 
*F. 
06.C  20 
05.41 10 
04.8l  16 
03.4[  04 
03.0  00 
01.0  84 
I 
00.51  02 
99.21  72 
I 
01.21  76 
00.0  70 
01.21  80 
99.81  46 
01.01  76 
98.0[  60 
99..~  68 
99.(  58 
99A  72 
98..  60 
99.;  64 
98.61  613 
99.5  96 
99.01 
48 
32 
48 
40 
44 
32 
48l 
301 
401 
281 
301 
241 
32i 
24 
24 
20 
24 
20 
22 
20 
22 
20 
1,740 
Z,350 
3,510 
2,300 
1,555 
925 
650 
900 
925 
1,688 
1,2013 
a  b 
cc,  ;c, 
5.2 588  640 
5.0 )I~  910 
5.8 )913  380 
6.2 560  120 
6.5 ~02  507 
5.8 390  565 
5.61387  500 
5.81100  532 
5.51500  563 
5.4!~50  515 
! 
5.6 412  460 
c 
gm. 
1.47 
4.00 
7.0(3 
3.041 
1.32 
2.42 
2.36 
2.63 
2.75 
2.10 
2.03 
d 
E~4  o  , 
Cg. 
170 
474 
723 
248 
78 
250 
256 
271 
306 
236 
220 
e  "  (afd) 
CC,  CC. 
174  ~18 
474  ~36 
828  267 
360  412 
156  124 
287  140 
280  131 
312  129 
325  194 
248  214 
240  192 
(bg_e)  h  i 
__  ____  .  . 
cc.  :c. 
466  432  62.5 
436  595  61.4 
552  1 580  65.3 
760  2050  66.8 
351  1 130  60•8 
278  694  63.8 
220  700 
220  510 
238  495 
267  580l 
220  327 
* This case was followed  a  week longer but  as the data  contained nothing of 
especial interest they are not given• 
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after the  crisis.  A  decided  fall in urinary acidity occurred  after the 
crisis.  Throughout  the  entire  course  of  the  disease,  however,  the 
combined carbon  dioxide in  the  plasma remained normal, indicating 
the ability of the organism to cope with the increased acid production. 
The case reported in Table VII excreted the largest amount of free 
organic  acid  in  24  hours  of  any  of  the  cases  observed.  On the 4th 
day of the disease 1,165 cc. of the total acidity of 1,800 cc. at a hydro- 
gen ion concentration of 5.0 were unaccounted for by the phosphates. 
The  intoxication  was  intense.  That  the  mechanism  for  regulating 
the  acid-base  equilibrium  was  sufficient  is  proved  by  the  combined 
carbon  dioxide  in  the  plasma.  Only  2  hours  before  death  it  was 
62.5 volume per cent, the lowest at any time during the disease. 
TABLE VII. 
Hospital No. 2,869; Male; Age 31 Years.  Process in the Right Lower Lobe.  Type 
II Infection.  Blood Culture Positive.  Treated with Serum and Optochin. 
Died. 
eF. 
3*  103.4  121]  48 
103.0  108 
a  b 
C~ 
CC.  CC.  CC. 
c  d  e  --~  (  bg_  e)  h  i 
~  ~  ~  .-~ 
~u~  ca 
~  ~  '~  .~  o  ~,~  ~'~  ~  .~. 
32  4,34C 5.5  1,60G 1,900 9.65  1,070  1,14G 530  760  737  64.1 
3'  103.3 124! 48 
102.4  108  30  3,16fl 5.6  1,380  1,800 5.35  580  635  800  1,165  1,730 64.1 
5*t  104.0 128  52 
102.0  114  30  1,900 5.9  475  820 2.88  284  34(] 191  480  688  63A 
* 190 cc. of antipneumococcus serum. 
t Died on  the 6th day of the disease•  The combined carbon dioxide in the 
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TABLE  VIII. 
Hospital No. 2,634; Male; Age 42 Years.  Process Confined to the Right Lower Lobe. 
Type IV Infection.  Blood  Culture Negative.  Treated with Optochin. 
Recovery. 
"~  ~  ~"  'i 
a  ~ 
*F.  cc. 
7 104.8 106  44 
a  b  c  d  e  (a~:l)  (bg-e)  h  i 
•  o  "2. 
•  ~o  .~oo  ~o~  ~'~. 
CO.  CO.  gm.  CO.  CO.  6C.  ~.  CC. 
103.4  90  32  1,975  5.3623  730  4.10  470  486  1~53  244  1,040  60.7 
8 104.6  96  48 
103.0  82i  30  1,580  5.4350  440  2.24  252  266  98  174  1,060  60.7 
9 104.0  84i  46 
102.5  82  32  1,775  5.2370  497  2.62  304  310  66  187  1,200  52.8 
10 103.5  88  40 
100.0  72  32  2,560  5.7 294  460  2.62  278  310  16  150 
11102.5  70  30 
99.0  56  24  1,550  5.7268  392  1.83  193  216  75  176 
12  99.2  72  32 
98.6  58  24  1,415  5.5318  410  2.20  246  261  72  149 
13  99.2  76  32 
98.6  56  24  1,630 5.6394  542  3.02  328  358  66  184 
14  99.6  84  26 
98.6  58  18  1,665~5.5372  478  2.45  273  290  99  188 
15  99.4  8C  20 
98.6  621  18  1,715  5.2394  437  2.50  290  296  104  141 
17  99.0  701  24 
98.6  52i  18  1,4905.0540  540  3.12  370  370  170  170 
18  99.6  8C  18 
98.8  58  18  1,300  5.0430  430  2.50  296  296  134  134 
1,800  64.5 
1,180  68.3 
900 
625 
500 
620  54.1 
690 
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~  ~  f  i.~  .~  .~  a  b  c  d  e  (a-d)  (bge)  h  i 
~  ~  ~-  ~  ,  -  .~-~  .~. ~  .'4. 
o  ~.~  . 
.  o 
o  .  *  • 
i  °F. 
20  99.6  80  20 
98.7  60  18  1,5005.0 
21'  99.6  80  20 
98.8  56  18  1,380 5.0 
23 100.0  80  20 
98.8  64  2C  1,080 5.0 
24 100.0  80  24 
99.2  56  18  1,415 5.0 
25 100.2  72  18 
99.2  60  18  1,140 5.0 
27  99.5  84  18 
99.2  70  18  1,135 5.0 
g•  .  ¢C,  ¢C. 
48C  480  2.7,  325  155 
40C  400  2.61  308  92 
26C  260  1.61  198  62 
396  396  2.2l  270  126 
348  348  213:  280  68 
33C  330  1.8i  217  113 
155  540 
92  458 
62  290  49 
126  315 
68  413 
113  330 
I 
The individual  with  a  Type IV infection reported in  Table VIII 
revealed  a  condition  not  found  in  any  of  the  other  cases  studied. 
While  there  were only  small  amounts  of  free  organic  acid  excreted 
during the fastigium of the disease and in convalescence, the ammonia 
excretion was very high until after the crisis, when the 24 hour values 
became  normal.  There  was  never  any  significant  lowering  of  the 
combined carbon dioxide in the plasma. 
DISCUSSION. 
The facts brought out by the investigation are that in many, usually 
the more severe,  cases of acute  lobar pneumonia  there  are  excreted 
during the fastigium of the disease considerable quantities of an organic 
acid which is free at: a  hydrogen ion concentration  of 5.0,  and  that 510  ACIDOSIS  AND  ACID EXCRETION  IN PNEUMONIA 
there is seldom a severe grade of acidosis as estimated by the amount 
of combined carbon dioxide in the plasma.  The nature and biological 
importance  of  this  organic  acid  are  not  without  interest.  Certain 
possibilities  are  suggested.  Because  of  its  prevalence  in  many 
conditions  where  there  is  abnormal  metabolism,  /~-hydroxybutyric 
acid was searched for, although  all specimens examined had  a  nega- 
tive or at most a  very faint ferric chloride reaction.  The ionization 
constant  of ~-hydroxybutyric acid is 2  ×  10  -5, therefore one-third of 
the acid is free in  a  urine with  a  hydrogen ion concentration  of 5.0. 
Quantitative  estimates  revealed  insignificant  amounts.  This  is  not 
surprising  when one considers, for instance,  that in Table VI on  the 
7th day of the disease the  acid unaccounted  for amounts  to  760  cc. 
and if it were all due to/3-hydroxybutyric acid there would be present 
a  total of 24 gm. of the acid, an amount which is seldom encountered 
except in the  more  severe grades  of  acidosis  in  diabetes.  Hippuric 
acid with an ionization  constant of 2.2  ×  10  -4, acetoacetic acid with 
an ionization  constant of 1.5  ×  10  -4,  and lactic acid with an ioniza- 
tion constant of 1.4 ×  10  -4  whereby  only 5 to 7 per cent of an acid 
can exist free at a  hydrogen ion concentration of 5.0 could hardly be 
expected to  account  for  any  considerable  quantities  of free organic 
acid.  Acetic  acid,  the  ionization  constant  of  which  is  1.9  ×  10 -5, 
exists  about  one-third  free  at  a  hydrogen  ion  concentration  of  5.0, 
hence  it  becomes a  possibility.  While  uric  acid with  an  ionization 
constant  of  1.5  ×  10 -6  may be 87  per  cent  free  at  a  hydrogen  ion 
concentration  of  5.0,  the  total  amount  of  this  substance  is  easily 
estimated  and has never been found to account for more than  a  few 
cubic centimeters  of the free acid.  Nor  can the conjugated sulfuric 
acid  be  responsible  for  any  large  quantities  as  shown  by  several 
ethereal  sulfate determinations.  The oxy- and other less well known 
acids are possibilities, but as their ionization constants are not known 
nothing  definite can be stated  about them.  In Table VIII the acid 
is  apparently  a  fairly  strong  one  as  shown  by  the  high  ammonia 
without much free acid or high total phosphates. 
As it has been shown that normally at a hydrogen ion concentration 
of 5.0 there exists a certain titratable acidity that cannot be accounted 
for  by the phosphates,  it is possible that  the  increase  in  this  value 
during  pneumonia  may  be  due  simply  to  an  increase  of  a  normal WALTER  W.  PALMER  511 
constituent  of  the  urine.  On  the  other  hand,  the  possibility  of 
abnormal  oxidation  products  leads  one  to  suspect  that  there  may 
exist  some pathological  substances  to  account for  the phenomenon 
and this in part has been borne out by our investigation.  If this is 
the case, its part, if any, in the intoxication  encountered in the dis- 
ease is  of much interest.  Considerable investigation  of  the nature 
and significance of the increase in the free organic acid production of 
the urine during pneumonia has been carried out,  and will form the 
subject of a  future communication. 
SUMMARY. 
There is excreted in the urine of subjects ill with acute lobar pneu- 
monia a large amount of organic acid which is free at a hydrogen ion 
concentration  of  5.0. 
Acidosis  as  determined by  the  combined  carbon  dioxide  in  the 
plasma is seldom, if ever, severe. 